Receni experimental and theoretical work has demonstrated that Bose-Einstein condensates can travel through the energy bands of an optical lattice like a point-like &mi-classical particle, and hence perform periodic Bloch oscillations [1,2]. However, further research has revealed that the inter-atomic interactions, deGribed by the nonlinear term in the Gross-Pitaevskii equation, can have a pronounced effect on the transport properties of condensates in optical lattices, and produce completely different dynamics from those observed for individual itoms. There has been particular interest in the instability and disruption of condensates in optical lattices 
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causes dramatic disruption of the atom cloud. We prepare a rubidium atom condensate in a three-dimensional harmonic trap and a one-dimensional optical lattice of period d. The condensate is driven through the band by accelerating the optical lattice along its axis. At the p i n t of Bragg reflection, the optical and magnetic potentials are switched off, and the condensate is allowed to expand freely before being imaged. Fig. l(a) shows an experimental image of a condensate that has undergone a large acceleration of a = 5 ms. ' . The condensate has split into two smaller atom clouds corresponding to the two distinct wavenumber components f d d in the original condensate at Bragg reflection. Both of the subcondensates have smooth tightly-peaked density profiles, indicating that there have been no significant changes in the internal structure of the atom cloud, and that the condensate has moved through the lowest energy hand like a point-like miclassical particle. But for smaller accelerations, the two atom clouds become disrupted and fragmented, as shown experimentally in Fig. l(h) for a = 0.3 nW2. We explain these experimental findings by using numerical simulations, performed by solving the three-dimensional Gross-Pitaevskii equation for explicit experimental parameters [8]. Our calculations show that for the large accelerations, Bragg reflection leads to the formation of two subcondensates with smooth density profiles, as observed in experiment Fig. l(a) ]. But for small accelerations, the atom density modulations and JT phase shifts induced by Bragg reflection cause the formation of dark solitons, which decay into vortex rings via the snake instability [9]. This effect causes severe disruption and 6agmentation of the condensate density profile, and breakdown of the Bloch oscillations. Our results also provide new insights for the interpretation of previous experimcnts in which disruption of condensates in optical lattices was ohserved hut not fully understood [3].
